It remains unclear how cells initiate and maintain the characteristic positioning and global organization of their organelles. Historically, this problem has been studied observationally, by examining individual cells to determine their organization. Here, we propose an innovative solution to this long-standing challenge. We developed a statistical and computational method for comparing intracellular organizations in populations of cells and applied this method to a single-cell green alga (Chlamydomonas reinhardtii) to explore whether centrioles play a role in global cellular organization. Our findings revealed that cells with centriole defects had statistically significant changes in cell organization. These results validated our method and confirmed the role of centrioles in intracellular organization.
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It remains unclear how cells initiate and maintain the characteristic positioning and global organization of their organelles. Historically, this problem has been studied observationally, by examining individual cells to determine their organization. Here, we propose an innovative solution to this long-standing challenge. We developed a statistical and computational method for comparing intracellular organizations in populations of cells and applied this method to a single-cell green alga (Chlamydomonas reinhardtii) to explore whether centrioles play a role in global cellular organization. Our findings revealed that cells with centriole defects had statistically significant changes in cell organization. These results validated our method and confirmed the role of centrioles in intracellular organization.
Basic biology has long been troubled by the mystery of how cells generate and regulate their 3D geometry on a molecular level (1). Cell organization has traditionally been investigated by identifying mutants or perturbations that cause gross changes in cell appearance. However, such an approach will identify only the most dramatic phenotypes; many mutations play subtle roles in cell organization that can only be statistically distinguished by considering large numbers of cells. Furthermore, hundreds or thousands of genes may directly or indirectly affect the active organization of various subcellular structures. Thus, connecting the vast amount of molecular data with the complex phenomena of cell organization requires a rapid, statistically robust, and scalable approach to discriminating between different types and levels of organization (2, 3). Further, many structures within cells are thought to arise through self-organization; however, detecting self-organization requires the ability to quantify organization so that we can ask if organization is enhanced during a given process. Here, we describe a general method for quantifying the degree of organization in cells.
Starting with either 3D or 2D images of cells, the images are segmented to identify individual cells and the locations of internal points of interest, such as organelles or proteins. To define the configuration of internal points in each cell, the individual cells are subjected to bounded Voronoi tessellation by subdividing the bounded volume or area of the cell into subvolumes, as determined by the locations of the internal points of interest. The variance of the subvolumes is calculated, and a Monte Carlo simulation is used to determine the P value of the variance within each cell in a bounded Poisson-Voronoi null model. These P values are binned on the basis of the number of points of interest and the size of the object. The bins are sampled uniformly from each population, and the sets of P values are compared with a Kolmogorov-Smirnov (KS) two-sample test to yield a metric for similarity in degree of organization.
We used this method to determine if centrioles play a role in global cellular organization, using the green alga C. reinhardtii as a model system. Two populations of mutant strains were used, each with known alterations in centriole number, structure, and position: asq2 (2,365 cells) (3) and bld10 (1,268 cells) (4) . The KS test statistic of a comparison between the mutant populations and two WT populations [cc124 (1,423 cells) and cc125 (1,842 cells)] showed that both mutant strains had dramatically different degrees of organization compared with WT strains (Fig. P1) . These computational and experimental results confirm prior observational studies and support the idea that centrioles play a role in generating or maintaining global cellular organization (3, 5) . Our results confirm that this method can be used to compare the extent and type of organization within cells sensitively.
Observational studies of cell appearance have been the gold standard in cell biology since its inception, and observational methods of defining abnormal cell morphology are deeply rooted in biology, from the laboratory to the clinic. The method described here could prove useful as a tool in high-throughput studies of cell morphology. Eventually, statistical methods could potentially supplement or replace observational analysis of cell morphology in clinical cytopathology. 
